Global efforts in reducing greenhouse gases (GHG) emissions and mitigating the impacts of climate change necessitates prioritization of developing effective strategies for estimating per capita carbon footprint, forecasting and addressing the major drivers. A survey was administered among 380 agricultural households in western Kenya with specific objectives of i) to utilize various emissions indices to establish total households emissions, ii) to establish households production and consumption related GHGs' emissions and iii) determine socio-economic factors influencing per adult equivalent GHGs' emissions at the households. Four cluster Sub-counties including Mt. Elgon, Bumula, Bungoma North and Sabatia were purposively sampled as influenced by agro-ecological, socio-economic, agricultural production and biomass energy sourcing characteristics for the study. A pre-set questionnaire was used to collect demographic, agricultural production, and energy sourcing and utilization information. Using the survey, households various agricultural activities and levels of utilization of agricultural inputs and energy sources were quantified. The quantified values were multiplied by respective emission's factor derived from global statistics to estimate total emission. Enteric emissions accounted for 98 percent of livestock management associated GHGs. Every household emitted 2922kg CO 2 Equivalent (Eq) from livestock management per annum. Maize associated GHGs emission in 2017 was 12817kg CO 2 Eq with 81, 13 and 6 percent linked to residue decomposition, organic soil management and soil nutrient replenishment respectively. Maize production, biomass cooking energy, livestock management and lighting accounted for 47, 37, 13 and 3 percent respectively of total household emissions. Factors that significantly influenced adult equivalent GHGs emissions were consumption expenditure (P<0.01), household size (P<0.01), maize yield (P<0.01) and geographical locations. Efforts to reduce households GHGs emissions need to address adoption of clearner cooking and lighting energy, efficiency in livestock production and use of inorganic farming inputs for crop production.
Introduction
In developing countries, households play a critical role in decision making concerning agricultural production and consumption (Druckman and Jackson, 2016) . These decisions are informed by household's desire to maximize its production and consumption utility subject to prevailing resources constraints (Udo et al., 2015) . Moreover, agricultural households are quite complex systems simultaneously involved in both production and consumption (Chen et al., 2006; Guta 2015) . Households, agricultural included are the ultimate target for services and manufacturing sector indulgency in respective economic activities to meet the latter's demand. Furthermore, households are accountable for nearly three quarters of global carbon emissions (Udo, et al., 2015) , hence understanding the drivers of these emissions is important in addressing GHGs reductions (Druckman and Jackson, 2016; Ballis et al., 2015) . Despite households attracting attention among researchers evaluating greenhouse gases emission (GHGs) or the carbon footprint (Druckman and Jackson, 2016; Seebauer, 2014) , a review of existing efforts points to accruable benefits from more comprehensive approaches (Udo et al,. 2015; Pandey and Agrawal, 2014) . Climate Change (IPCC) which have continued with process enhancement since 1996 . Over time GHGs assessment criteria has integrated various economic sectors in an effort to reduce uncertainty on the methodology . Moreover, the IPCC process has also advocated for progression from the use of simple equations with default data (Tier 1 emission factors), to country-specific data in more complex national systems i.e. Tier 2 & 3 emission factors IPCC, 2007) . The progression to higher tiers generally represents a reduction in the uncertainty of the estimates, despite rise in the complexity of measurement processes and analyses .
Borrowing from the IPCC process, The Food and Agriculture Organization of the United Nation (FAO) has instigated strategies for improving understanding of GHGs emissions for the agricultural sector (Tubiello, et al., 2014 ) and along livestock supply chains . FAO also initiated development of a Global Livestock Environment Assessment Model (GLEAM) which enables the production of disaggregated estimates of GHG emission and emission intensities for main commodities, farming systems and world regions . Independent of the IPCC process, World Health Organization (WHO) also instigated a study to estimate pollutants emissions from various biomass energy sources (Edwards et. al. 2015) . Use of spatially explicit assessment of pan-tropical woodfuel supply and demand, and the degree to which woodfuel demand exceeds regrowth were used to estimate woodfuel-related GHG emissions (Bailis, et al. 2015) . Integration of the various developed greenhouses gases emission estimation criteria and other scientific methods will lead to accurate outcome that will be effective in not only determining individual carbon footprint, but will also facilitate forecasting and mitigation strategies.
Environmentally extended input-output analysis has been recommended as appropriate GHG estimation criteria for larger entities such as product groups, companies or countries (Wiedmann, 2009) . The use of the cradle-to-farm gate lifecycle analyses (LCA) for specific agricultural produce (Udo et. al. 2015) has provided a comparative emission status for various productivity levels. However, households utilize a large number of various products that their footprint aggregation is necessary (Udo, et al. 2015) . Moreover, rural households in Africa and Sub-Saharan region in particular consume commodities which are not market procured to allow conventional carbon footprint estimations. The consumption behaviours in rural Africa contracts experience elsewhere where accounting for emissions activities are easy as are based on receipts on food stuff, transportation and leisure (Druckman and Jackson, 2016) . Agricultural foodstuffs and energy sources are subsistently produced necessitating divergent approaches to estimate household GHG emissions. The aim of the study is to develop agricultural households' approaches of estimating carbon footprint. The specific objectives of the study is i) to utilize various emissions indices to establish total households emissions, ii) to establish agricultural households production and consumption related GHG emissions and iii) determine socio-economic factors influencing per adult equivalent GHG emissions at the households.
Data and Methods

Study Area
The study incorporated primary and secondary methods of data collection. A survey was administered among 380 smallholders involved in among other farming activities growing of maize for subsistence in western Kenya. Figure 1 shows the map of the research area. The choice of western Kenya was influenced by among other factors high population density, low agricultural productivity despite high potential, high biomass energy deficit, in-efficiency energy utilization and poorly diversified dietary pattern (Jaetzold et al., 2007) .
Sub-counties were purposively sampled in line with existing socio-characteristic including population density, agricultural activities, availability of other known biomass energy using sub-industries including bricks baking and agri-processing industries (tea and tobacco), access to forests and agro-climatic regions (Jaetzold et al., 2007) . A pre-set questionnaire was used to collect information from households. A combination of stratified and random sampling procedures was used to select the survey respondents. Information collected included on demographic, economic, general energy and agricultural production.
Data Analysis
Data was processed using MS Excel and imported to STATA for descriptive and empirical analysis. Using the survey, households various agricultural activities and levels of utilization, agricultural inputs and energy sources were quantified. The quantified values were multiplied by respective emissions factor derived from global statistics to estimate total emission Agricultural entries including fertilizer application and livestock number were multiplied by emission indices derived from www.fao.org/statistic/database/en/ while those of energy were based on various indices for energy sources (Edwards, et al., 2015) . The emissions activities boundaries (Pandey and Agrawal, 2014) were for production in case of agricultural products (maize production and livestock husbandry) and biomass and fossil fuels consumptions.
Adult equivalent values (Claro, et al., 2010) were derived using household's members composition characteristics including age and gender as per the World Health Organization (Muyanga, et al., 2006; Claro, et al., 2010) .
Model Specification
A multiple linear regression model was adopted for empirical analysis. The multiple regression model could be simply represented as shown in equation 1 (Uyanik and Guler, 2013) = + x + ⋯ + + (1) Whereas y is the dependent variable representing greenhouse emissions (CO 2 eq) per adult equivalent. x represents a matrix of independent, explanatory variables including those associated with characteristics of a household head, the household and the environment. β are coefficients of the independent variables and ε is the error term. Table 1 shows emission estimated for various livestock managed and associated sub-domain. Cattle rearing among smallholders led to an average of 108 kg of methane emissions equivalent to 2705 kg of CO 2 per annum. On average every household emitted 7 grams and 2.35 kg of Nitrous oxide (N 2 0) and methane (CH 4 ), respectively from cattle manure management. The Nitrous oxide and methane emitted from cattle manure management was equivalent to 2.2 kg and 58.8 kg of CO 2 per annum respectively. Chicken is not associated with enteric emission as it is a non-ruminant. On average every household stocked 2.4 heads of cattle, 1.2 goats and 10.8 chickens which were associated with 2766kg, 155.7kg and 0.021 kg of CO 2 respectively. Every head of cattle, goat and chicken reared by households in western Kenya was estimated to emit 1176kg, 131 kg and 0.002 kg of CO 2 per annum respectively. (Udo, et al., 2016 : Paul, et al., 2017 . Table 2 shows the maize production sub-domain associated with emissions. Emission of Nitrous oxide was the only GHG associated with soil management and residues disintegration. Maize production emissions associated with soil nutrients replenishment were 89kg, 131kg and 530kg of CO 2 Eq arising from DAP, CAN and manure applications respectively. High levels of CO 2 emissions were associated with organic soil management and residue decomposition. On average every household emitted 12,817 kg of CO 2 associated with maize production activities in 2017. Of the total emissions, 81, 13 and 6 percent were associated to residue decomposition, organic soil management and soil nutrient management respectively. Production of a kilogramme of maize is associated with a 5.8kg of CO 2 emissions. The use of agricultural residue as cooking energy source (Egeru et al., 2014; Kiptot et al. 2014) appears to be a very important intervention to mitigate high levels of emission associated with maize waste decomposition. Although, either way GHG emissions are expected, use of waste as cooking energy may be considered advantageous to emission reduction efforts. Allowing agricultural waste to decompose in-situ assures soil organic matter, nutrients and desired soil texture (Sanchez, 2002) . Forty grams (0.04kg) and 0.06kg of CO 2 are associated with producing a kilogramme of maize using inorganic fertilizers DAP and CAN respectively, compared to 0.24kg associated with application of manure. It implies therefore that inorganic production is associated with lower levels of emissions compared to organic farming systems.
Results and Discussion
Households Livestock Management Associated Emission
Maize Production Associated Emission
Cooking and Lighting Energy Associated Emissions
Major pollutant associated with biomass cooking energy and paraffin fossil fuels included the carbon dioxide, carbon monoxide (CO), methane, total non-methane organic compounds (TNMOC) and respirable particulate matter (PM) as shown in Table 3 . Among the biomass and fossil fuels emissions, only carbon dioxide and methane are GHGs as they contribute to global warming (Bailis, et al., 2015) . Others emissions arising from fossil and biomass fuels including CO, TNMOC and PM are considered to be climate change benign, although they have detrimental human health impacts (Edwards et al., 2015; De, et al., 2014) . The health risk associated with exposure to those pollutants including acute respiratory infections (ARI) and acute lower respiratory infections (ALRI) are linked with intense of periodic exposure, activities households' member are involved in during inhalation and age (Ezzati and Kammen, 2001 ). Exposure to these gases significantly contributes to diseases burden in Kenya (Frings, et al., 2018; Bailis, et al. 2015) and are suspected to be carcinogenic (Edwards, et al., 2015) .
Firewood was observed to have highest emissions for all the pollutants. Annually households emitted 6092kg, 200kg, 34kg, 32kg, and 9 kg of CO 2 , CO, CH 4 , TNMOC and PM respectively. Maize wastes utilization as cooking energy source came second in emitting higher levels of pollutants. Use of charcoal as a cooking source of energy had the least levels of emission. On average, a household annually emits 32.9kg, 20.8kg, 0.9kg, 1.3kg and 0.2kg of CO 2 , CO, CH 4 , TNMOC and PM respectively. Households' low emission as a result of charcoal use for cooking is attributable to two issues. First, few households use charcoal as a cooking energy source, may be due to its costs and its accessibility challenges. Secondly, charcoal is a processed wood fuel and hence it has low emission coefficient. Annually, households emitted CO 2 equivalent of 6,934kg, 1,772kg and 351kg by using firewood, maize cobs and charcoal respectively.
Carbon dioxide, CO, CH4, TNMOC and PM emission from paraffin use were 60kg, 5kg, 0.09kg, 0.06kg, and 0.05kg, respectively. Adoption of cleaner lighting energy sources including electricity and solar panels will reduce emissions associated with paraffin use as the fuel is largely used for lighting. Annually, GHG's emission due to paraffin use per household accounts for 0.09kg of methane equivalent to 2.3kg of CO 2 . Use of kerosene was linked to emission of 601kg of CO 2 per household annually. Household's emissions linked with biomass cooking energy was 8065kg and 991kg for CO 2 and methane CO 2 Eq. respectively. Inclusion of lighting emissions to that of biomass enhanced that associated to cooking by less than a percentage for both CO 2 and Methane. Table 4 shows household's emissions associated with livestock management and maize production among cluster sub-counties. Emissions associated with use of manure accounted for the most of those arising from soil nutrient replenishment by farmers. Those Sub-counties using relatively more manure had higher rates of emissions than those using larger quantities of inorganic fertilizers. Total soil nutrient replenishment including that from DAP, CAN and manure applications were highest in Bumula and least in Mt. Elgon. Average annual household's CO 2 emissions from soil nutrient replenishment were 975kg, 793kg, 634kg and 255kg in Bumula, Sabatia, North Bungoma and Mt. Elgon respectively. Lower emissions associated with inorganic fertilizers application is consistent with a prediction which was based on the fact that farmers in western Kenya applies little quantity of commercial fertilizers (Pelster, et al., 2017) . Vol. 12, No. 4; 2019 except Sabatia. Households in North Bungoma had the highest rate (2514Kg) of CO 2 arising from organic soil management. The higher rate of emission in North Bungoma compared to Sabatia arises due to the fact that more land is allocated to maize production in the former than the latter. Manipulation of organic matter in the soil for a larger piece of land is higher compared to the similar activity on smaller scale. Emissions associated with maize residue management were highest in Mt. Elgon compared to other sub-counties. Relatively higher quantities of maize produced by households in Mt. Elgon explain why emissions are greater. Maize produce is directly related to amount of wastes or residue produced. The higher emissions levels associated to a unit production of maize in Sabatia is attributed to low efficiency production. Despite farmers investing in soil nutrient replenishment and allocating land to maize production, very low yields were reported. Some of reasons for the low yields include the fact that some farmers harvested the crop when it was still green a quantity they could not ascertain in accounting for total annual yield.
Agricultural Production Emission Levels among the Sub-Counties
Optimization in resource utilization including fertilizer, manure and land will enhance efforts for reducing emission associated with maize production. Soil nutrient replenishment and organic soil management emissions appear fixed to quantity of inputs used while emissions associated with residue management is more dependable on yields.
Large stocks of livestock including cattle and goats account for higher emissions associated with enteric and manure management reported in Mt. Elgon. In Mt. Elgon emissions of 3186kg, 72kg, 196kg and 8kg were associated with cattle enteric; cattle manure management, goat enteric and goat manure management, respectively. Sabatia had the lowest emissions associated with cattle and goat husbandry. Emission associated with chicken management was highest in North Bungoma and lowest in Mt. Elgon. Figure 2 shows proportion of GHG emission for various household activities in the sub-counties. Maize production contributed 47 percent of total emission in the entire sampled area. Biomass cooking energy utilization accounted for 37 percent while livestock and lighting (kerosene) were 13 and three percent, respectively. Identical patterns were observed in all the sub-counties where maize production accounted for most emissions while paraffin lighting energy contributed the least. Emissions attributable to biomass cooking energy were more than those for livestock management in all the four sub-counties. Biomass cooking energy utilization accounted for 39 percent of emissions in both Bumula and Elgon. In Sabatia and North Bungoma cooking energy emission was 36 and 32 percent of the total emissions respectively. Emission associated with maize production in North Bungoma accounted for 52 percent of the total while livestock linked proportion in Sabatia was 16 percent. Vol. 12, No. 4; 2019 emissions associated to various activities were identical across the sub-counties. However, what differed across the sub-counties is the proportion of emissions by various households' activities. Households' intensities in undertaking various activities contributed to the differences in the proportion of emissions by activity. Larger farms allocated to maize productions in North Bungoma exacerbated emission from maize production. Adoption of other lighting sources apart from paraffin in both Mt. Elgon and Bumula, reduced the proportion of emissions associated with lighting. Maize farming in smaller farms coupled by poor accessibility to biomass energy in Sabatia, magnified the proportion of emissions arising from livestock management. Table 5 shows results of the multiple regression analysis on determinants of emissions among smallholders in western Kenya. The regression model showed Prob (F) to be significant (P=0.000), R-squared to be 47 percent and adjusted R 2 to 43 percent. Per adult equivalent GHG emissions were positively and significantly (P<0.01) influenced by household's maize yields achievement and income (consumption expenditure). Maize yields is a production associated activity that is influenced by levels of investment (Kiptot et al., 2014) and with subsequently effects on lifestyle /expenditure (Paul, et al., 2016) and more activities. The results are consistent with other studies that have associated GHGs' emissions to enhanced income (Druckman and Jackson, 2016; Paul, et al., 2016) . The household size was negatively and significant (P<0.01) in influencing per AE GHGs' emissions. The lower per AE GHGs' emissions associated with larger households and vice-versa points to scale of operations in terms of environmental discharges. The number of trees planted by a household weakly (P = 0.053) influenced the per AE GHG emissions.
Proportion of Emissions Associated with Various Activities among Sub-Counties
Determinants of GHG Emissions in Western Kenya
Locational factors influenced the levels of per AE GHGs' emissions. Shifting to North Bungoma from Sabatia positively and significantly (P=0.003) affected the per AE emissions. Higher and weakly significant (P = 0.073) per AE emissions were observed for Mt. Elgon compared to Sabatia. The observed per adult equivalent emissions levels differences in location (clusters) were consistence with results for entire farm emissions quantification in the same region (Seebauer, 2014) . Where differences in farm typologies were associated with per farm emissions differences by agro-ecological zones. Different rural clusters as defined by agro-ecological zones, socio-economic factors and vicinity to public forests influences the individual's lifestyle and consequently emission levels. The observation is consistent with Pandey and Agrawal (2014) which reported GHGs emission differences due to geographical regions and environmental conditions.
Conclusion
Incorporation of survey data on agricultural production and energy consumption, and emission coefficient information have allowed for estimation of households carbon footprint. Emissions contributed by agricultural production activities were higher than those associated with energy utilization. Livestock husbandry associated emissions including enteric and manure management accounted for most of GHGs' emissions among rural households. Agricultural production emissions were mostly Methane and Nitrous Oxide. Carbon dioxide accounted for most of GHG emissions from energy utilization. Determinants of per adult equivalent GHGs emissions were levels of consumption expenditure, household size, maize yield achievements and geographical location. Efforts to reduce households GHGs emissions need to address adoption of clearner cooking and lighting energy, efficiency in livestock production and use of inorganic farming inputs for crop production.
